The reaction of the polymeric carbonyl complex [RuCl 2 (CO) 2 ] x with 2-monosubstituted and 1,2-disubstituted benzimidazoles and 1,4-bis(benzimidazol-2-yl)benzene (L 9 ) in 2-methoxyethanol produces various coloured complexes of the formulae [
INTRODUCTION
Ruthenium exhibits dissimilar behaviour in forming complexes compared to the other platinum group metals. It exhibits variable oxidation states 0, +2, +3 and +4, as well as unusual oxidation states. Furthermore, the metal also shows different coordination numbers for the same oxidation state. The complexes of ruthenium are important due to their catalytic activity towards several reactions, such as polymerisation, photo-splitting of water, solar energy conversion, 1 hydroformylation, 2 isomerisation and other reactions involving organic substrates. [3] [4] [5] Some of the complexes form adducts with dioxygen and dinitrogen and the study of the properties of such adducts was helpful in the understanding of the mechanism of oxygen metabolism and nitrogen fixation in biological systems. 6, 7 Carbonyl complexes of ruthenium are important in the homogeneous catalysis of carbonylation and oxo reactions. 8 Much of the knowledge concerning carbonyl complexes has come from the study of metal complexes in lower oxidation states, 9 mainly due to the stabilization of these oxidation states by CO. Studies of carbonyl complexes of higher valent ruthenium in aqueous solutions are, however, scarce because of the hydrolytic tendency of the metal ion in aqueous solution. 10, 11 The synthesis of various carbonyl complexes by the passage of CO through a suspension of substituted N-heterocyclic complexes of ruthenium(II) was reported. 12 However, in situ reactions wherein CO generation occurs in a homogeneous medium are simpler and more effective. Reaction of RuCl 3 ·H 2 O with CO in acidic medium yields the octahedral species [RuCl 5 (CO)] 2-. 12 In view of the increased interest in oxygenation and carbonylation of ruthenium(II) complexes as new catalysts, 13, 14 the synthesis and characterization of carbonyl complexes of ruthenium(II) with various 2-monosubstituted and 1,2-disubstituted N-heterocycles are reported herein. The substituted benzimidazoles used for the synthesis of ruthenium(II) chlorocarbonyl complexes are: Fig. 1 . 
EXPERIMENTAL

Reagents
Hydrated ruthenium(II) chloride was purchased from Arora-Matthey. o-Phenylenediamine, salicylaldehyde, m-hydroxybenzaldehyde and p-hydroxybenzaldehyde were fine chemicals from Merck/SD. The employed solvents were Merck chemicals, which were purified according to literature methods. 15 
Methods and instruments
The microanalyses of the carbon, hydrogen and nitrogen contents of the complexes were performed on a Carlo-Erba analyzer. The IR spectra (in nujol) were recorded on a Nicolet 4000D spectrophotometer. The molar conductivity measurements were made in dimethylformamide (DMF) using a digital conductivity meter-304 (SYSTRONICS) with a conventional dip type conductivity cell with a cell constant 1.00 cm -1 . The NMR spectra were recorded (in DMSO-d 6 ) on a Bruker WH-270 or AMX-400 MHz spectrometer using TMS as the internal standard. A Shimadzu UV-Vis-NIR Model UV-3101pc and a Hitachi-V3400 UV--visible-spectrophotometer were used for recording the electronic spectra of the solid samples as nujol-mull.
Preparation of the ligands
The ligands were prepared according to literature methods. 16 A mixture of salicylaldehyde (0.20 mol) and o-phenylenediamine (0.10 mol) in the molar ratio of 2:1 in benzene was refluxed on a water bath for 1 h. The solution was cooled and left over night. After the evaporation of the solvent, a yellow solid separated out. This was filtered to obtain 1-
A similar procedure was followed for the preparation of the other ligands . A mixture of m-hydroxybenzaldehyde (0.20 mol) and o-phenylenediamine (0.10 mol) in benzene was refluxed for 1 h. After workup, a pale-yellow coloured compound, L 2 , (yield: 90 %) was obtained.
A solution of p-hydroxybenzaldehyde (0.20 mol) and o-phenylenediamine (0.10 mol) in benzene was refluxed for 1 h. After workup, a pale-buff coloured compound, L 3 , (yield: 60 %) was obtained.
To a solution of o-phenylenediamine (0.10 mol) in benzene (100 mL), a solution of o-chlorobenzaldehyde (0.20 mol) was added and the mixture was refluxed for 2 h on a steam bath. On standing over night, a yellow crystalline solid separated out, which was filtered to afford L 6 (yield: 80 %).
A solution of o-phenylenediamine (0.10 mol) and p-chlorobenzaldehyde (0.20 mol) in benzene (100 mL) was refluxed of 2 h on a steam bath. On standing over night, a yellow crystalline solid separated out, which was filtered to afford L 7 (yield: 70 %).
A mixture of o-phenylenediamine (0.10 mol) and p-(dimethylamino)benzaldehyde (0.20 mol) in benzene (100 mL) was refluxed for 2 h on a steam bath. On standing over night, a yellow crystalline solid, 1-
, separated, which was recrystallized from ethanol to afford pale yellow crystals (yield: 80 %).
The ligand L 9 was prepared by refluxing o-phenylenediamine (20 mmol) and terephthalic acid (10 mmol) in syrupy phosphoric acid at 240 °C for 4 h. The coloured melt was poured into cold water (500 mL) under stirring, whereby a blue-green coloured precipitate was obtained. The precipitate was neutralized with 10 % aqueous sodium carbonate solution. The resulting solid was recovered by filtration and then recrystallized from ethanol to afford a pale pink-coloured compound (yield: 75 %).
Preparation of the complexes
The polymeric compound [Ru(CO) 2 Cl 2 ] x was prepared by reacting RuCl 3 ·3H 2 O (1.0 mmol) with HCOOH (2.0 mmol). This was refluxed for 4-5 h, whereby the reaction mixture turned lemon yellow. The resultant solution was cooled and evaporated slowly to obtain a yellow-coloured solid. To this, a solution of the ligand (2.0 mmol) in 2-methoxyethanol (10 mL) was added and the solution was refluxed for 4-5 h. After the evaporation of the solvent, distilled water (5.0 mL) was added, when a coloured compound separated out. The solid was filtered and washed with water and dried under vacuum (yield: 70-80 %).
RESULTS AND DISCUSSION
Synthesis and characterization
The complexes were soluble in common organic solvents. The molar conductance values of the complexes (Table I) 
Spectral studies
The infrared spectra (in nujol mull) of the complexes were similar to those of the uncoordinated ligands except for slight shifts in the positions of some of the bands and some changes in their intensities due to coordination (Tables II and  III ). In the spectrum of the [RuCl 2 (CO) 2 (L 8 ) 2 ]·2H 2 O complex, bands due to the ν(OH) of hydration water and ν(NH) of the ligand appeared at 3440 and 3190 cm -1 , respectively. 17, 18 The band due to ν(OH) of lattice water molecules 19, 20 was observed around 3350 cm -1 in the carbonyl complexes of L 2 , L 3 and L 6 . The ν(OH) of the ligands containing a phenolic OH group and their complexes appeared around 3200 cm -1 . Bands due to ν(C=N) and ν(C=C) vibrations occurred around 1620 cm -1 , very close to each other, as weak bands in the spectra of free heterocycles and they were shifted to lower or higher wave numbers by 5-10 cm -1 on complexation. These shifts in the positions of ν(C=N) and ν(C=C) indicate coordination of the substituted benzimidazoles via the tertiary nitrogen of the imidazole moiety. 21 The spectra of the complexes of L 8 , L 4 , L 5 and L 9 exhibited the NH out-of-plane bending vibration at around 730 cm -1 . A weak band in the spectrum of [RuCl 2 (CO) 2 (L 10 ) 2 ] at 1480 cm -1 is assigned to the N-CH 3 deformation mode. Another band at around 1320 cm -1 is attributed to C-N stretching of the N-CH 3 group. 22 Medium intensity bands in the spectra of the complexes at around 1490, 1200, 1100, 720 and 540 cm -1 are assignable to the o-, m-, p-disubstituted benzene ring. In the spectra of the [RuCl 2 
complexes, a strong band around 760 cm -1 is assigned to the C-Cl stretching vibration. 23 Two intense bands at ≈ 1900 and ≈ 2000 cm -1 were observed in the spectra of all the complexes. These are attributed to ν(CO) and the data suggest that the two carbonyl groups are placed in the cis position. 19, 20 In the case of the [Ru(CO) 2 The electronic spectra of the complexes (recorded as solids in nujol) were recorded and the spectral data are listed in Table IV . The bands observed around 17700 and 25000 cm -1 are assigned to the transitions 1 A 1g → 1 T 1g and 1 A 1g → → 1 T 2g , respectively, based on the earlier assignments. [24] [25] [26] [27] A strong band observed around 34000 cm -1 is assigned to the charge transfer transition. The 1 H-NMR spectra of the free ligands and their complexes were recorded in DMSO-d 6 and the spectra of the complexes displayed features similar to those of the ligands (Tables Va and Vb) , suggesting their close similarity with the free ligands. The resonance due to the hydroxyl proton in the complexes of L 4 and L 5 was observed at δ 7.83 and 10.00 ppm, respectively, while the resonance due to the imine proton appeared in the range 12.65-13.45 ppm. In the complexes of L 1 , the signal due to the OH protons of the benzyl group was found at 10.72 ppm, while it was found at around 9.7 ppm in the complexes of L 2 and L 3 . The signal due to hydroxyl protons of the phenylene ring in the [RuCl 2 (CO) 2 (L 1 ) 2 ] complex was observed at 10.26 ppm and it appeared at around 9.72 ppm in the complexes of L 2 and L 3 . The spectra of L 9 and its complexes showed a resonance around 13.5 ppm, due to the imine proton. In the complex [RuCl 2 (CO) 2 (L 10 ) 2 ], the signals due to the -CH 3 protons of the benzyl and phenylene groups were observed at around 2.90 and 2.80 ppm, respectively. The methylene proton resonances are found in the range 5.40-7.30 ppm in the carbonyl complexes of 1,2-disubstituted benzimidazoles. The proton signals of the benzyl ring in all the 1,2-disubstituted benzimidazole carbonyl complexes were found in the range 6.40-7.90 ppm, while those due to the phenylene protons were observed in the range 7.10-7.95 ppm. Furthermore, the resonances due to the -CH 2 -protons shifted by 0.15-0.40 ppm. The coordination induced larger shifts at positions 4 and 6' because of polarization of the electron density towards the metal ion after complexation. 28 The coordination-induced shifts (c.i.s.) for various protons of the coordinated N-heterocycles were either positive or negative, which indicates that M→L (σ-) or L→M (π-) electron transfer occurs. A similar observation was made earlier for the spectra of related complexes. 21, [29] [30] [31] [32] The 13 C-NMR spectral data of the free ligands and their complexes are tabulated in Table VI . The spectra of the complexes show resonances in the regions that are in agreement with those expected based on the carbon environments. The resonance at δ 47.20 ppm was assigned to the N-CH 3 carbon in the L 10 complex.
In the complexes of L 4 and L 5 , the signal due to C-OH was found at 129.00 and 118.99 ppm, respectively. The resonance due to C-OH of the benzyl group of the L 1 complex was found at 110.50 ppm, while in the complexes of L 2 and L 3 , it was observed at 153. 30 
Stereochemistry
As discussed above, the analytical, infrared, electronic, 1 H-and 13 C-NMR data indicate coordination of the ligands to the metal ion. The dicarbonyl complexes show two intense CO stretching bands around 2000 cm -1 in the infrared spectra suggesting that the two carbonyl groups are in the cis position. In the cases of the [RuCl 2 (CO) 2 (L 8 ) 2 ]·2H 2 O and [Ru(CO) 2 Cl 2 (L 1 ) 2 ] complexes, the spectra showed an additional, comparatively weak band, which is due to the presence of the cis-trans isomer. Furthermore, as the ruthenium(II) is in the low spin d 6 configuration and is diamagnetic, two bands are expected at 21000 and 25000 cm -1 for octahedral geometry. Similar to this, the discussed complexes also exhibited bands at around 17700 and 25000 cm -1 , which were assigned to the transitions: 1 A 1g → 1 T 1g and 1 A 1g → 1 T 2g , respectively. In addition, the coordination environment around the metal ion in all the complexes were not symmetrical. Therefore, it is suggested they have distorted octahedral geometry, which makes fac-isomers impossible. The coordination of the benzimidazole ligands occurred through the tertiary nitrogen. The following are the five possible structures for the complexes and the complex may exist in one of these structures (Fig. 2) . 
